aBSTracT The correlation between stressors and bioindicators can provide evidence of environmental status both as an indication and monitoring tool, and in the identification of the pollutant source. cyanobacteria possess several hallmark traits of good bioindicators: physiological tolerances or ecological ranges of specific cyanobacterial species can differ depending on taxon-specific cellular requirements. In certain conditions cyanobacteria can form extensive blooms; this phenomenon arising from excessive nutrient input is usually of anthropogenic origin, resulting from a myriad of sources including point sources from municipal and industrial discharges, and non-point sources from agricultural run-off.
1 INTrODucTION considering the increase in spatial extent, frequency, and magnitude of disturbances to the environment, and the rapid development of new stressors, including those arising from climate changes, there is an urgent need of monitoring programs able to track and help manage their impact [1] . monitoring programs based on chemical and physical analytical methods provide direct measurements of different environmental quality parameters at that particular point (i.e. water column) and period of time. If the frequency of sampling is limited, or hampered by different factors (i.e. weather conditions, safety reasons), important information can be lost. moreover, analytical data may be limited to very narrow indications on the overall condition of the environment, restricted to a few representative measures (i.e. temperature, salinity, nutrients, metals). Therefore, they are not sufficient to represent a more holistic health of the environment. To address this issue, bioindicators are used to capture the integrated chemical and physical disturbances. using living organisms such as plants, planktons, animals, and microbes, that interact with the environment (therefore with the stressors) and respond accordingly, brings many benefits.
Bioindication and biomonitoring are powerful tools for observing the impact of external factors on ecosystems and their development over time and space [2] . They belong to the generic biological monitoring, comprising biomarkers and biosensors [3] . Biomarkers are measurable biological parameters, whose levels vary in consequence with environmental changes, while biosensors, such as the bioluminescent bacteria, produce a signal in proportion to the concentration of a defined substance [4] . Bioindication offers numerous advantages over not only the chemical/physical analytical methods but also with respect to biomarkers and biosensors. This technique provides the capability to assess the cumulative impacts of both pollutants and habitat alterations. moreover, it allows a detailed and reliable coverage of the territory with relatively low costs [5] and less time-consumption. Depending only on the life span of the living organism, and regardless of sampling frequency, sporadic pulses of pollutants are captured by bioindicators. further, bioindicators are sensitive to low concentrations of pollutants, capturing diluted seepage and other inflows perhaps missed by traditional sampling.
This work is integrated with the activities carried out within a wider research project, aimed at: (a) characterizing the role of cyanobacteria as a good bioindicator of coastal water quality; (b) advancing a hierarchical monitoring approach using space-borne remote sensing to in-situ sampling and laboratory microscope analysis of cyanobacteria; (c) reporting on the taxonomic analysis on the cyanobacterial community in the coastal waters of campania region in southern Italy; (d) exploring the relationship of cyanobacteria with the terrestrial river basins draining to the coast [6] .
There is not a clear-cut distinction between bioindicators and biomonitors. The term 'bioindicator' refers to qualitative biotic responses to environmental stress, while ' biomonitors' to quantitative biotic responses. an effective bioindicator is widespread, can be easily identified and sampled, has low mobility and a long-life cycle, and is not dangerous to handle. Based on these criteria, cyanobacteria are good bioindicators of water quality. cyanobacteria are known for their ability to accumulate in waters surface forming blue-green foams called "blooms" and in some conditions to produce toxins (namely cyanotoxins) [7] . cyanobacteria are well suited to water quality assessment because of their nutrient needs, rapid reproduction rate, and their life cycle.
2 rESulTS aND DIScuSSION cyanobacteria are ubiquitous microorganisms, able to live in any ecological niches; being photosynthetic, the main factors affecting their growth are nutrients and light availabilities [8] . The nutrient enrichment of many waterbodies (eutrophication) due to anthropogenic pressure, domestic and industrial effluents, wastewaters, and agriculture activities (pesticides and fertilizers) has led to the proliferation of cyanobacteria throughout the world.
The response of cyanobacteria to environmental stressors varies according to the different degree of contamination or degradation and can differ depending on taxon-specific cellular requirements [9] . Several species of Oscillatoria have been described as bioindicators of organically polluted waters, being tolerant to high trophic levels, while other species, such as those belonging to Calothrix and Tolypotrix genera, were commonly associated with clean waters. The morphology of cyanobacteria comprising unicellular, colonial, and multicellular filamentous forms may provide useful insights to the nutrient status of the waters. for example, the presence of heterocysts in a filament is an indication that the organism is growing in an environment deficient in combined nitrogen (NO 3 -, NO 2 -, Nh 4 + ) relatively to other nutrients. Similarly, cyanobacteria, such as Phormidium, can accumulate polyphosphate granules in P-rich environment.
Evidences of cyanobacteria in polluted waters
Our previous studies [10] revealed the presence of cyanobacteria along the coastal waters of campania region in Italy, a territory plagued by several criticalities due to illicit discharges and improper management of wastewater treatment plants. In this study, the occurrence of specific cyanobacteria species in extremely polluted environment has been investigated, focusing on the discharge from the wastewater treatment plant in cuma as a case study (see fig. 1 ). In addition to flaws in the operation of the wastewater plant, the study site is impacted also by discharges from a huge residential area [11] .
The evidence of this critical condition has been reported by the Environmental Protection agency of campania region in Italy (arPac) in the recreational Water Quality assessment document. follows a table (Table 1) fig. 2 ) revealed high levels of microbial load and eutrophication in the study area, thus likely stimulating the proliferation of cyanobacteria.
The extension of the polluted area has been defined using the mum 3 framework [12] following an approach that integrates satellite analyses [13, 14, 15] and in situ sampling and measurements [16] . Proliferation of photosynthetic cells is reflected in the increase of the levels of chl-a; therefore, chl-a and carotenoid pigments are routinely used to assess the extension of a cyanobacterial/algal bloom. figure 3 is the chl-a map of the coastal area obtained through World View (NaSa tool) and selecting acqua/Terra mODIS data layer. It shows the output source of the cuma treated wastewater discharge (man-made channel at study site B) and the nearby coastal region to the north to be increased in chl-a relative to the surrounding waters [17, 18] . microscopic observation of water sampled on the study site revealed the presence of cyanobacteria as shown in fig. 4 . a prevalence of Anabaena species could be recognized in the examined sample showing a few heterocystis. higher eutrophication levels and high turbidity caused a reduction in available light, and as a consequence less energy was available for the energy-consuming process of nitrogen fixation. Anabaena is a species that produces toxin. Our next steps will aim to identify the toxins produced.
figure 1: Study site of cuma wastewater treatment plan (campania region -Italy); a. cuma wastewater treatment plan area (red). B. Input of treated waters to the sea through a man-made channel (blue). figure 2: arPac recreational water quality map.
3 maTErIalS aND mEThODS 3.1 Satellite analyses chlorophyll and carotenoid pigments contained within photosynthetic cells (algae, cyanobacteria etc.) are routinely used to assess algal biomass and phylogenetic composition and distribution in aquatic ecosystems. The chlorophyll-a (chl-a) map of the coastal area of campania coasts was obtained from mODerate Image Spectroradiometer (mODIS) sensor, mounted on Terra and aqua satellite platforms. The operational algorithm allowed the chl-a figure 3: chl-a satellite analysis on the study site B (Terra/aqua mODIS).
figure 4: microscope observations of cuma wastewater treatment plant sample.
quantification expressed in mg/m 3 in water bodies. The spatial resolution (pixel size) is 1 km x 1 km, while the temporal resolution is daily.
In situ sampling and measurements
Samples were collected at the study site B (geographic coordinates: 40.850405N, 14.046552E) in the summer 2017 (dates: 07/17/17, 08/10/17, 09/07/17), when the highest levels of chl-a were detected according to arPac recreational waters quality assessment. collected water sample was analyzed with an optical microscope combined with an OmaX 18 mP cmOS cooled camera. all analysis and measurements were performed digitally using specialized scientific software (ToupView). This allowed the qualitative detection of cyanobacteria.
4 cONcluDING rEmarkS Bioindication provides information on the response of living organisms to the integrated effects of environmental contaminants, which cannot be determined by direct analytical measurements. compared to chemical and physical measures of environmental quality, bioindicators are capable of capturing cumulative impacts of multiple pollutants and habitat changes, in an early stage and over time. cyanobacteria are good bioindicators of water quality, and providing rapid response detection could be considered desirable as an 'early warning' indicator of change. Only the assessment of the presence, abundance and performance of living organisms in the field can give insights on the impact of environmental stress on the composition and health of the ecosystem. ackNOWlEDGEmENTS The data presented in this work derive from the project 'attività pilota di monitoraggio di cianobatteri nella fascia costiera della regione campania', funded by the 'centro di riferimento regionale per la Sicurezza Sanitaria del Pescato ( criSSaP)' and performed in cooperation with the agency for the Environmental Protection of campania region in Italy 
